terms of the introduction of the WFD (Directive 2000/60/ CE 2000) (Kazancı et al., 2010b) . In streams, benthic macroinvertebrates reflect such factors as anthropogenic disturbance, organic pollution, acidification, or other types of stream degradation (Tripole et al., 2008; Mykrä et al., 2012) .
The BMWP index was used for the first time in Turkey by the General Directorate for State Hydraulic Works (DSİ) in order to assess the water quality of the Sakarya River (DSİ, 1992) . It was then applied in several studies to examine the water quality of streams in Turkey (e.g., Kazancı, 1993; Kazancı et al., 1997 Kazancı et al., , 2008 Kazancı et al., , 2010a Kazancı et al., , 2010b Kazancı et al., , 2011 Kazancı et al., , 2013 Duran et al., 2003; Duran, 2006; Duran and Suicmez, 2007; Kucuk and Alpbaz, 2008; Kalyoncu and Zeybek, 2011; Ekingen and Kazancı, 2012) . In addition, instead of direct usage, the BMWP index was adapted for the first time in Turkey for the Yeşilırmak River; the adaptation was called the Yeşilırmak BMWP (Y-BMWP) (Kazancı et al., 2013) .
The purposes of this study are 1) to present an overall picture of the macroinvertebrate communities along the Değirmendere Stream in Turkey, 2) to determine the biological water quality of the stream based on benthic communities, and 3) to examine the applicability of different versions of both the BMWP index (Original, Spanish, Hungarian, Czech, and Polish) and the ASPT index (Original, Hungarian, and Czech) for Değirmendere Stream in Turkey.
Materials and methods

Study area
Değirmendere Stream flows through Yazılı Canyon National Park. This park consists of a 600-ha area that was registered as a nature park in 1989. The source of Değirmendere Stream is located approximately 5 km upstream of Yazılı Canyon Valley (Sütçüler, Isparta/ Turkey) and pours into Karacaören I Dam Lake. The length of the study area is approximately 10 km. There are trout farms and recreation areas along this stream. In this study, 6 stations were chosen on the stream. The first station is about 350 m away from the source of Değirmendere Stream and is located in Sütçüler District (Isparta, Turkey). The bottom structure of this station consists of large rocks, with very little sand and gravel. The second station is a second source of this stream and connects with the stream 10 m from the spring point. The flow rate is high at the second station. The third station is at the widest part of the streambed. It is located in the upper part of the recreation areas. The bottom structure of this station also consists of large stones. It is important to point out that there is human impact on the research field, particularly after the third station, although it is a Natural Protected Area. For instance, there is a medium-scale fish production facility (trout farm) between the third and fourth stations. The streambed of the fourth station is composed of large stones, but there are also some areas with sand and gravel. Flow rate is increased, and the water is clear. Next to the fourth station, there is a bigger fish production facility; the wastewater of the facility pours into the stream.
The fifth station is close to the village of Çandır, nearly 2 km away from the fourth station. Finally, the sixth station is located 300 m above the region where the stream is connected to Karacaören I Dam Lake. All stations are shown in Figure 1 , and the altitude, latitude, and longitude of the stations are presented in Table 1 .
Sampling procedures and environmental variables
All water samples were analyzed within 24 h after sampling. Water temperature, pH, dissolved oxygen (DO), and conductivity were measured during sampling in situ. (APHA, 1998) . Water quality assessment by physicochemical variables was done according to Klee's (1990) method. Macroinvertebrate communities along the stream were sampled monthly from March 2011 to February 2012 at each of the 6 stations using a standard hand net (50 × 30 size with 500-µm mesh). The samples were taken from an area of nearly 100 m 2 in order to include all possible microhabitats at each station. In some areas where large stones were present, these were first picked out and washed into the kick net to remove pupae and other attached macroinvertebrates. In addition, macroinvertebrate samples were separated from the macrophytes and sediment using sieves (250 µm). All of the animals collected were immediately fixed in formaldehyde (4%) in the field and then transferred to 70% ethyl alcohol back in the laboratory. The macroinvertebrates were sorted and identified to the lowest possible taxonomic level and were counted under a stereomicroscope.
Data analyses
In order to determine water quality, macroinvertebrate data were analyzed using ASTERICS 3.1 (AQEM/ STAR Ecological River Classification System; AQEM Consortium, 2002) software. Five BMWP versions (BMWP Original, Spanish, Hungarian, Czech, and Polish), 3 ASPT versions (ASPT Original, Hungarian, and Czech), and 2 diversity indices (Shannon-Wiener and Simpson diversity indices) were used to determine water quality. The unweighted pair group method with arithmetic mean (UPGMA), applied by using MVSP version 3.1 (Kovach, 1998) , was used to show possible clustering relationships among the 6 sampling sites based on macroinvertebrates.
Results
Physicochemical variables
The minimum, maximum, and average values of measured physical and chemical variables and water quality classes of the stations during the study period are represented in Table 2 .
Biological results
In this study, 59 taxa comprising 15,134 individuals were collected in total. The most individuals were Table 2 . Physicochemical variables and average water quality classes (Klee, 1990) for stations in Değirmendere Stream. collected at station 5, while the fewest individuals were collected at station 6. The individuals collected from the stations belonged to Gastropoda (4 taxa), Bivalvia (1 taxon), Oligochaeta (1 taxon), Hirudinea (1 taxon), Malacostraca (2 taxa), and Insecta (50 taxa). Distributions and dominancy (%), along with a list of the recorded macroinvertebrate taxa, are given in Table 3 . Table 4 shows the dominancy (%) of the identified classes and orders at the stations. Classification of the stations by macroinvertebrate composition was defined in terms of UPGMA analysis. According to the results of the analysis, the first and third stations were the most similar to each other (76%) and the fifth and sixth stations were found to have the lowest similarity (59%) in dynamics (distribution both in terms of species and the number of individuals) of macroinvertebrates in the study area (Figure 2) .
The various versions of the BMWP and ASPT indices were applied for determining biological water quality. Score values of biotic indices and water quality classes are shown in Table 5 .
Results from each of the 5 versions of the BMWP (Original, Spanish, Hungarian, Czech, and Polish) showed that the highest score values belonged to the fourth station, while the lowest scores belonged to the second station. Moreover, each of the 3 different versions of the ASPT indicated that the highest score values were found at the third station; however, the original and Hungarian versions of the ASPT indicated that the lowest values were at the sixth station, but the Czech version indicated that the fourth station had the lowest score. When the biotic indices were examined in terms of water quality classes, the second station was determined as slightly polluted (Class II), while the other stations were determined as unpolluted (Class I) based on all versions of the BMWP index. The quality classes of the stations differed from each other according to the 3 versions of the ASPT. However, all of the stations were determined as unpolluted (Class I) or slightly polluted (Class II) (Table 5) .
Shannon-Wiener and Simpson diversity indices were calculated for each station to examine whether there was diversity of the macroinvertebrate species. Both indices showed that the lowest diversity was seen at the second station and the highest diversity was found at the fourth and fifth stations (Table 5) .
Discussion
The use of biotic indices for biomonitoring in streams was first developed in Europe and subsequently in the United States (Richardson, 1928; Woodiwiss, 1964) . Indices have been developed for a number of different target groups, including higher plants, algae, protozoa, fish, and macroinvertebrates (Pont et al., 2009; Waite et al., 2010) . Macroinvertebrates are among the most popular indicators used in biotic indices and other biological methods due mainly to their relative large size, low cost and ease of sampling, relatively easy identification, and relatively long life cycles (Hellawell, 1986; Metcalfe, 1989; Rosenberg and Resh, 1993; Metcalfe-Smith, 1996; Kazancı et al., 1997, Reece and Richardson, 2000) . Recent years have seen renewed efforts to develop more effective use of macroinvertebrates as monitoring and assessment tools for management of rivers in Turkey (e.g., Kazancı, 1993; Kazancı et al., 1997 Kazancı et al., , 2008 Kazancı et al., , 2009 Kazancı et al., , 2013 Girgin, 1997; Kazancı and Dügel, 2000; Kazancı and Girgin, 2001; Duran et al., 2003; Çabuk et al., 2004; Dügel and Kazancı, 2004; Uyanık et al., 2005; Balık et al., 2006; Camur-Elipek et al., 2006; Duran, 2006; Duran and Suicmez, 2007; Kucuk and Alpbaz, 2008; Akbulut et al., 2009; Kalyoncu and Gülboy, 2009; Kalyoncu and Yıldırım, 2009; Tellioğlu and Kara, 2009; Girgin, 2010; Girgin and Kazancı, 2010; Kazancı and Dügel, 2010; Yıldız et al., 2010; Kalyoncu and Zeybek, 2011; Ogleni and Topal, 2011; Topkara et al., 2011; Ekingen and Kazancı, 2012; Zeybek et al., 2012) .
Considering the requirements of the EU WFD, the composition and abundance of macroinvertebrate fauna, apart from aquatic flora or fish fauna, constitutes one of the quality elements for the classification of the ecological status of streams (WFD, 2000) . In this study, a total of 59 taxa were identified in Değirmendere Stream, and Insecta was determined to be the most dominant group among benthic macroinvertebrates. This finding confirms previous studies in which Insecta was found to be the most dominant group in some streams (e.g., Zamora-Munoz and Tercedor, 1996; Duran, 2006; Zeybek, 2009, 2011; Türkmen and Kazancı, 2010 ).
In the current study, water quality of each station was examined in light of physicochemical variables (Klee, 1990) and biotic indices by comparison with each other. Klee's method (1990) as applied in the study indicated that the fifth station was slightly polluted while the others were unpolluted.
It is seen in the relevant literature that the various versions of the BMWP and ASPT indices have been used to determine water quality in streams, and the results have been compared by researchers (Ferreira et al., 2004; Czerniawska-Kusza, 2005; Roche et al., 2010; Ogleni and Topal, 2011; Kazancı et al., 2013; Lewin et al., 2013) . Therefore, in the present study, following the applications in the literature, examining all versions of the BMWP suggested that the second station was slightly polluted; the other stations seemed to have good water quality, or were at least unpolluted. However, physicochemical variables were also examined in the current study and the results showed that the fifth station was slightly polluted, which was not the case for the other stations, which were unpolluted. However, the ASPT's Czech version suggested that all stations were unpolluted, while the Hungarian version of the index showed that all stations seemed to be polluted except for the third station. The deviations between indices may occur, as indicated in previous reports, due to deviation between physicochemical and biological water quality classes (Gómez and Licursi, 2001; Duran and Akyildiz, 2011; Kalyoncu and Zeybek, 2011) . Although the biotic indices and physicochemical variables generally support each other, the deviation between indices might be explained in light of the quality classes, since the quality class levels and the systems of categorization have been limited by different values. For example, Klee's (1990) 7-level quality classes have been applied in this research, while the ASPT's 4-level quality classes and the BMWP's 5-level quality classes have also been applied to the data.
The results of the current study show parallels with previous results in the literature (Roche et al., 2010; Kazancı et al., 2013) . Each country modifies and uses the BMWP index based on its environmental features (AlbaTercedor and Sánchez-Ortega, 1988; Zamora-Munoz and Alba-Tercedor, 1996; Junqueira and Campos, 1998; Junqueira et al., 2000; Capitulo et al., 2001; Mustow, 2002 Monteiro et al., 2008) . Therefore, in the current study, the scores differed from each other because the versions of the BMWP had been adapted in terms of the geological and ecological differences of the originating countries; it is possible that the deviations of the indices were due to the unique environmental composition of Turkey. These differences in the score values for the versions of the BMWP, found at all stations, might be principally explained by evaluating the number of indicator taxa. Classification of the stations based on macroinvertebrates was conducted by UPGMA analysis using Sørensen's similarity coefficient. However, stations were clustered in a single group of the UPGMA dendrogram. This is probably related to similarities in distribution both in terms of species and the number of individuals of macroinvertebrates in the field. The clustering method using UPGMA has been applied in streams by many researchers (Akbulut et al., 2009; Kazancı et al, 2010b; Türkmen and Kazancı, 2011; Ertunç Başören and Kazancı, 2012; Başak et al., 2014) . The maintenance of good water quality, both sanitary and environmental, is essential, since it depends largely on the conservation of biodiversity (Fernández-Díaz, 2003) . According to the Shannon-Wiener diversity index, the index value is between 1 and 3 in moderately polluted streams (Mason, 2002) . Diversity measures are a useful method for describing community structure but not for determining the pollution level of water bodies. However, biotic indices readily give us knowledge on environments polluted by degradable organic matter (sewage), but not other types of pollutants (Washington, 1984) . The diversity values of the current study showed that there was a varied range of diversity in the field, from 1.42 at the second station to 2.19 at the fifth station. Similar results to those of biotic indices were expected for biodiversity values. Therefore, as seen in biotic indices, the results of biodiversity values indicated that the highest diversity of species was observed at station 4, while indigenous fauna of the source area might be responsible for the lowest biodiversity, which was observed at the second station.
When the stream was evaluated according to distribution of organisms, Ephemeroptera was determined as the most dominant at all stations, while Oligochaeta and Hirudinea had the lowest dominancy. Diptera taxa were determined at all stations. On one hand, Ephemeroptera species are sensitive to pollution; their number and diversity in species decrease if pollution increases (Plafkin et al., 1989) . They usually live in unpolluted habitats. On the other hand, Diptera species generally have a cosmopolitan distribution. For instance, they can be found in all stream types, ranging from clean streams to polluted streams (Stribling et al., 1998) . Moreover, some research claims that Oligochaeta shows an increase in terms of pollution effects (Plafkin et al., 1989) . Our results confirm these previous suggestions from the literature.
Consequently, our findings for both physicochemical variables and macrozoobenthic organisms indicate that the water quality of this stream is slightly polluted. This stream starts in a nature conservation area and flows through Çandır, then pours into Karacaören I Dam Lake. Therefore, it is recommended that pollutants should be completely isolated from the stream and increases in pollution over time should be prevented. In addition, policy implications on conservation efforts of water quality should be enhanced.
The findings of the current study also suggest that biotic indices developed for a particular geographical region introduce deviations between indices into a researcher's evaluation. Thus, the findings strongly indicate that there is still a need for further intensive study and testing of the effectiveness of the BMWP and ASPT indices. These indices may require adaptation for Turkey based on its geomorphological and environmental features.
